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(A) rare earth metal component selected from itie 
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ble by treating a silica support, a carbon blagK sup- 
port or a mixed support thereof with s mono- or di- 
ethyl aluminium chloride, adding a neodymlum car- 
boxylato In Ihe presence of a solvent to form a 
slurry, and removing iho solvent or (2) a reaction 
mixture oblatnabla by dissolving a neodymlum car- 
boxyfHta In a first solvent, adding Blllca or CHrbon 
blacir, and removing the solvent fo obtain a dry 
solid, contacting ihe dry solid with h solullon con- 
taining a mono- or dl-efhyi aluminium chloride in a 
second solvent, and removing Ihe second solvent; 
and 
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ol s diisobuly) aluminium hydrida, trilsobufyl altmiliv 
lum, and a mixture ihereof. 
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Description 

Field ohhg Invention 

s This inveniion relates lo a process for producing polydienes In a gas phase reactor. More particularly, the Invention 
relates to a process for making polybutadiene and polyiaopre no In a gas phase flulrjked bad reactor In the presence of 
a rare earth metal catalyst. 

Background of the Invention 

10 

Pelydianes such aa polybufadleno and polyiseprana have- been mamrfaclured for many years by solution potymer- 
Uallon and more recently lay mass or bulk polymer!* allon processes. Various catalytic solution and buffi or mass proc- 
esses for the polymerization ol butadiene are Known In the art to be suitable for producing polybuladiene with a high 
corneal ol units, which ia particularly suited for the manufacture of tires, belling, and other molded or extruded 

is rubber or slastomsr articles. 

In soU/tion polymerisation butadiene Is polymerized in an Inert solvent or diluent which does not enter Into (lie 8f mo- 
tors of or adversely affect, the resulting polymer. Such solvents are usually afiphalto, aromatic and cycloaliphalic hydro- 
caibons such as pentane, hexane, heptane, benzene, toluene, cyctohexane- and the Ilka. In bulk polymerizations, fho 
reaction medium Is essentially solventless, and Ihe monomar is employed aa a diluent. 

20 The discovery Of gas-phaso tluidlzed bed and stirred manior processes for the production of polymers, especially 
polyololin polymers, made It possible to produce a wida variety of new polymers with highly desirable and Improved 
properties- Those gas-phase processes, especially Ihe gas lluidized bed process for producing such polymers provided 
a means for producing polymers whh a drastic reduction In oaplfal Inveslment expense and dramatic savings In energy 
usage as compared to oilier then conventional polymerisation processes. 

z$ In a conventional gas fluidized bed process a gaseous 6lream containing one or more monomers is passed jnlo a 
liuldlzed bed reactor containing a bed of growing polymer particles in a polymerization zone, while conlinuousiy or Inter- 
mlttenlly Introducing a polymerization catalyst Into the polymerisation zone, The desired polymer product Is withdrawn 
from the polymertealion zone, degassed, stabilized and packaged tor shipment, all by well known techniques. Because 
Ihe poiymeriEalion reaction Is exothermic, substantial heat is generated In Ihe polymerization zone which musl bo 

so romgved to prevent the polymer particles from overfishing and fusing tonelher. This is accomplished by continuously 
removing unraacted hot gases from liie polymerization zone and replacing thorn with cooler gases. The hot gaegs 
removed from the polymerization zone aro compressed', cooled In a heat exchanger, supplemented by additional 
amounts of monomer to replace monomer polymerized and removed from the reaction zone and then recycled into Ihe 
bottom of the reactor. Cooling ol the recycled gases Is accomplished in one or mors heal exchanger stages. The 

as sequence of compression and cooling is a matter of design choice bul it is usually preferable to provide for compression 
of the hoi rjaceo prior to cooling. The rata of gas How Into and through Ihe reactor Is maintained at a level such 1 hat the 
bed of polymer particles is maintained In af luldized condition The production of polymer in a stirred bed reactor Is very 
similar, differing primarily In ihe use of mechanical stirring meane to assist In malnlaining (ha polymer bed In a lluldlsed 
condition. 

w Conventional qm phase fluldized bed resin production Is very well known In the art as shown, for example, by the 
disclosure appearing In United States Patent Nos. 4,379,766: 4,383,095 and 4.676.320, which are Incorporated herein 
by reference. 

The production ot polymeric substances In gas phase stirred reactors Is also welt known In the art as exemplified 
by Ihe process and equipment descriptions appearing in United States Patent No. 3,263,363. 
as More recenlly, In US. Patent Nos. 4,994,634 and 5,3(14538, li ha6 been taught thai slicky polymers. Including 
polybuladiene rubbers, eon be produced In a f lufdi?ed bed reactor In the presence of a catalyst in a polymerization reac- 
tion above the softening temperatures ol the slicky polymers In the presence of an inert particulate materiel. The slicky 
jxilyma re produced In the gas phase process nroo,r<irtii[Ar having a mixture of rubber and inert material with a core con- 
taining a majority oi rubber while the shell contains a majority of inert material. Further, US, Patenl No. 6,317,036 dis- 
ss closes gas phase polymerisation processes which utilize unsupported, soluble catalysis, such aa, for example, 
transition mey coordination catalysis. The catalysis are introduced into Ihe reactor, such as a lluidized bed, as a solu- 
tion . The polyol ef ins produced by Ihs process may contain dienas, EP 0 647 657 A1 discloses supported rare earth cat- 
alysts tor gas phase polymerization of conjugated disnes. 

For many years It was erroneously believed thai to allow lltpd of any kind to enter Into ihe polymerization region o! 
k; a rjae phase reactor woukl inevitably lead to agglomeration of resin particles, formation ol large polymer ghynks and 
ultimately complete reader shutdown. This concern caused gas phase polymer producers to carefully avoid cooling 
Ihe recycle gas stream entering the reactor to a temperature below ihe condensation te mperature of any ol ihe mono- 
mors employed in lh@ polymerization reaction. 
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Comonomors eiich ss hexena-1, 4-malhy!']ientene, and octen@-l, ere particularly valuable for producing ethylene 
copolymers. These higher alpha olelins have relatively hlgH condensation temperatures. Due to the apprehension lhat 
Ikiukl monomers In the polymerization zono would load to agglomeration, chunWng and ultimately shut down the reac- 
tor, production rales, which depend upon the rate at which heat Is removed from the polymsrizaiion zone, were severely 
s constrained by iha perceived need to maintain the temperature of the cycle gas stream entering the reactor at temper- 
ature safely above Ihe condensation temperature of the highest boiling monomer present In the cycle gas stream. 

Evan In ilia caao of polymerization reactions conducted In stirred reactors, cara was exorcised to maintain the realn 
bed temperature above the condensation temperature of the recycle gas stream components. 

To maximize heal removal ii waa not unusual to spray or inject liquid info or onto the polymer bed where It would 
w Immediately Hash into a gaseous slalo by exposure to the hotter recycle gaa siream, A limited amount of Additional 
cooling was achieved by this technique by Iho Joules-Thompson effect buE without ever cooling the recycle gas stream 
to a level where condensation might occur, This approach typically Involved the laborious end energy wasting approach 
of separately cooling a portion ot the cycle gaa stream to obtain liquid monomer tor storage and subsequent separate 
Introduction Into or onto the polymerization bed, Examples of this procedure are found Irs United State3 Patent Nos. 
1b 3,254,070; 3,300,457; 3,652,527 and 4,012,573. 

It was discovered later, contrary to the long held belief that th o presence of liquid In the cycle gas stream would lead 
to agglomeration end reactor shut-down, that it is indeed possible to cool the entire cycle gas stream fo a temperature 
where condensation of slgnlf (cant amounts of monomer would occur without Ihe expected dire results when these liq- 
uids were Introduced Into Uio reactor in tampflrattire equilibrium with the recycle gas stream. Cooling Ihe entire cycle 
so gas stream produces a two-phase gas-ilquki mixture In temperature equilibrium with each olher so that the liquid con- 
tained In the gas stream does not Immediately Nash into vapor. Instead a substantially greater amount of cooling takes 
place because the total mass of both gas and liquid enters the polymerization zone at a substantially lower temperature 
than previously thought possible. This process led to substantial Improvements In the yield of polymers produced In the 
gas phase, especially where comonomers which condense at relatively tow temperatures are used. This procedure, 
25 commonly referred to as "condensing mode" operation, Is described In detail in United States Patent Nos. 4,543,399 
and 4,506,790 which are Incorporated by reference. In condensing mode operation ihs two-phase gas-liquid mixture 
entering the polymerization zona is heated quite rapidly and Is completely vaporized within very short distance after 
anfry Into the polymerization zone, Even in the largest commercial reactors, all liquid has been vaporized and the tem- 
perature ol Uie then totally gaseous cycle fias siream raised substantially by the exothermic nature of tits polymerlza- 
30 lion reaction soon after entry into the polymerization zone. The ability to operate a gas phase reactor In condensing 
mode was believed possible due to the rapid healing of the two-phase gaa liquid siream entering the reactor coupfed 
with efficient constant back mixing of the fluidized bed leaving no liquid present in th a polymer bed more than a short 
distance above the entry level of the two-phase gas-llquld recycle stream. 

We have now found thai liquid monomer may be present throughout Ihe entire polymer bed provided that the liquid 
3» monomer present In the bed Is adsorbed on or absorbed In solid particulate matter present In the bed, such as ihe pol- 
ymer being produced or f luldizstion aids present In the bed, go long as there is no substantial amount of tree liquid mon- 
omer. This discovery makes it possible to produce polymers in a gas phase reactor with the use of monomers having 
condensation temperatures much higher than the temperatures at which conventional polyolefins are produced in gas 
phase reactors. Another way ol viewing this discovery is that It la now possible to produce polymers using readily con- 
40 (tensable monomers {e.g., t .a-bufadlene, having a normal boiling point of -4.5"C) 111 a gas phase reactor under condi- 
tions at which the monomer would be expected to bo present as a liquid. Furthermore, it had been previously believed 
that gas phase processes lor producing polynias with some or alt of the monomers having low to moderate condensa- 
tion temperatures were Impractical because Ihe amount of polymer produced per catalyst particle was too low at all 
monomer concenlratlons that had condensat ten temperatures below the temperature In Hie polymerization zone, I lie 
■w discovery of this invention now makes I! economically practical lo produce polymer with monomers at concentrations 
where Ihey have condensation temperatures higher lhan the temperature In the polymerization zona, audi that liquid 
monomer is present throughout the entire polymer bed provided that the liquid monomer present in Ihe bed Is ad6oibed 
on or absorbed In solid particulate matter, the polymer bed, ami/or the forming polymer product present (n the polym- 
erization zona of Ihe reactor. This Invention makes possible Ihe gas phase production of classes of polymers which pro- 
eo viously were thought not capable of production In a continuous gas phase process. 

Another benelit of the Invention Is that operation with monomer present as liquid dissolved in the polymer gives a 
greater concentration ol monomer et the active catalyst site than operation with monomer not dissolved, I.e., present 
only in the gas phase. This should maximize the productivity of the catalyst for making polymer. Silll anolher benelit of 
Ihe invention Is thai heat Iransfer within the polymer particles should be improved due to removal of heat by monomer 
6s evaporation. This should lead to more uniform polymer particle temperatures, more uniform polymer properties, less 
polymer fouling, and possibly improved polymer morphology than operation with monomer not dissolved, i.e., present 
only In the oas phase. 
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Sliyimory ol Ihe Invention 

The present invention provides a process tor producing poIybutadleriB or polylsoprena In a stirred bed or gas fluid- 
feed polymerization vessel having a polymerisation zone under polymerization reaction conditions, which process ccm- 
e prises: 

(!) Introducing butadiene or Isoprene monomer Into eald polymerization zone containing a bed of growing polymer 
particles In the presence of an inert particulate material and optionally at least one Inert gas: 
(ii) continuously or intermittently introducing a polymerisation catalyst containing a rare earth metal component, n 
w ca-calalyet, and optionally a promoter into said poiym&rlzation zona: 

(III) continuously or intermittently withdrawing polybuladlene or polyieoprene product Irom said polymerization 
zone; and 

(tv) witlidrawlng unreacted butadiene or isoprene Irom said polymerization zone, compressing and cooling said 
butadiene or isopi one and sakf inwt g as when present, while maintaining the temperature within said polymeriza- 
16 tion zone below the dew point of the monomer present In said polymerization zone. 

Granular partlclas and articles produced using such particles are also provided. 

Brief Description Of t he Prsyvlnfl 

A fluidizcd bed reaction system which Is particularly suited to the production of polybuladlene and pclyisoprene Is 
illustrated in Ihedmwing. 



Willie nol limited fo any particular typo or lend of polymerization reaction, this Invention le particularly well suited to 
o!otin polymerization reactions involving homopolymerizalion and copolymerlzatlon of relatively high bolting or readily 
condensable monomers such as butadiene and Isopreng. 

Examples of higher boiling or readily condensable monomers capable ol undergoing olellnlt; polymerization reac- 
so lions are the following: 

A. higher molecular weight alpha olefins sucli as decene-1. dodecene-1 , isobulylone, styrene and the like. 

B. 'dlenes such as hexadlene, vinyl cyclohexene, dicyclopenladierte, butadiene, Isoprene, ethylldene norhornene 
and the like, 

35 • C. pofRr vinyl monomere such as acrylonltrile. maleie acid esters, vinyl acetate, ocryiafe esters, mefhacryfate 
esters, vinyl trial kyl slianes and the like. 

These higher bailing or readily condensebia monomers can be homopolymerlzed In accordance with (his invention 
with the use of an Inert gaa aa the gaseous component of the two phase gae-liquld mixture cycled through Iho reactor. 

ao Suitable inert meleriflls for this purpose Include nilrogen, argon, ami saturated hydrocaibons which remain gaseous at 
a temperature below tho temporature selected to be maintained In the polymerization zone. 

The higher boiling or readily condensable monomers can also be cupolymeiized wilh one- or more lower boiling 
monomers ouch as ethylene, propylene and butono, as wolf as other nfohflr boiling monomere nuchas those mentioned 
above, the only requirement being that there be a sufficient difference In Ihe condensation f emporaturos of the higher 

« boiling or readily condensable monomer and at leasi one lower boiling monomer or In ert subs lance as will allow enough 
gas lo bo present in Ihe cycle gas stream to permit practical, steady 6late, continuous operation. 

In accordance wilh our Invention ihe higher boiling or readily condensable monomers can be directly Introduced 
Into tha polymerisation zone or carried Into the jwiymerlzalion zone as with the recycle gas stream or a combination of 
both. In a preferred embodiment the temperature within said polymerization zona Is maintained below the condensation 

so temperature of tho monomer (e.g., 1 .3-butadiene or isoprene) present In eald polymerization zone. In another embodi- 
ment thecondi lions (e g , temperature, pressure, monomer(s) concentration) within said polymerization zona are ouch 
that essentially no liquid is present in said polymerization zone thai Is nol adsorbed on or absorbed in solid particulate 
matter. Alternatively, the conditions within cold polymerlzallon zone are maintained such that a ponton ol ihe monomer 
In the polymerization zone Is a liquid that Is nol absorbed fn the solid par liculate matter. 

w The catalyst employed In Ihe polymerization zone is a rare earth metal catalyst. The practice of this Invention le not 
linked to any particular class ol rare earlh metal catalyst. Rare earth eatalysle that have been previously employed in 
slurry, solution, or bulk polymerizations of higher boiling or readily condensable monomere (e.g., butadiene and iao 
prone) can be utilized in this invention. The rare earth metal catalysis enjoyed In theprocess of this invention can havs 
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a mela! component a co-catalyst, and optionally a promoter. Preferably, a promoter is not employed In the calalyst ol 
the polymerizailon process of this invenlion. The melel component can be a rare earth compound or a mixture of two 
or more rare earth metal compounds. In general, the rare earth metal component of the catalyst can be eofubfe or Insol- 
uble, supported or unsupported, or spray dried In either the presence or absence of « filler. Alternatively, the calalyat 
s can bo introduced to the polymerization zone, In the form of a prepolymer uairip techniques known to those skil! ed In the 

When the metal component Is supported, typical supports can include, for examine, silica, carbon blacK porous 
erosallnked polystyrene, porous crossiinked polypropylene, Alumina, or magnesium chloride support materials. 01 
these support materials, carbon black and allien, and mixtures of carbon black and silica are preferred. Atypical silica 
io or alumina support Is a solid, particulate, porous material essentially Inert to the polymerization. It la used as a dry pow- 
der having an average particle size of about 10 to about 250 microns and preferably about 90 to about 100 microns; a 
surface area Of at least 200 square meters per gram and preferably at least about 2S0 square meters per gram; and a 
pore size of at least about 100 Angstroms and preferably at least about 200 Angstroms. Generally, the amount ol sup- 
port used le that which wilt provide about 0. 1 to about 1 .0 mllllmole of rare earth metal per gram of support. In a pro- 
fs ferred embodiment, two types of caibon black era used as support. TJARCO G-60 (pH of waier extract = 5) 1g used as 
dry powder having a surface area of 5D5 square meters per grain, average particle size ol too microns, ami porosity of 
1 .0 to 1 ,5 cubic centimeter par gram. NORIT A (pH of water extract = 9 - II) used as a dry powder has a surface area of 
720 square meters per gram, average particle steo of -tS to CO microns. 

Any compound, organic or Inorganic, of a metal chosen from those of Group IIIB of the Periodic System having an 
so atomic number of between 67 and 109 can be employed herein, Examples of rare earth metal compounds ore com- 
pounds of cerium, lanthanum, praseodymium, gadolinium and neodymium. Of these compounds, caifooxylates, alcolto- 
fates, flcetylacetonatQB, halides (including ether and alcohol complexes of neodymium trichloride), and allyl derivatives 
of Iho molals are preferred Neodymium compounds are the most preferred. Illustrative neodymium compounds can 
include neodymium naphlhenate, neodymium oclanoate, neodymium octoate, neodymium trichloride, neodymium 
ss trichloride complexes formed with lefrahydrofuran (e.g., WdCI 3 [THF) 2 ) and alhartol (e.g., (NdClafEtOHfe), neodymium 
2,2-dieihylhexanoate, neodymium 2-elhylhoxoato, neodymium 2-eihyloc'ioats, neodymium 2,2-dielhyl heptanoaie, allyl 
naodymlum dlchlorkle, ute-allyf neodymium chloride, and iris-allyl neodymium. Neodymium neodecanoafe, oclanoate, 
or vsrsatate give particularly good results, 

Tho catalyst modilters and co-catalysts consist of aluminum alky! tialktee and trfaikyl aluminum compounds audi 
as as IhB following: 

Alkyfalumlnum halides can be a compound having the formula AIRp.^ wherein each B Is Independently alhyl 
having 1 to 1 4 caibon atoms, each X Is Independently chlorine, bromine, or iodine, and a Is 1 or 2 or a mixture of com- 
pounds having (he formulas AI%. n) X R and AIR 3 wherein ft X, and a, are the same as above. 

Examples of halogen containing modifiers Hrtd cocatatysls are diethyfalumlnum chloride; elhyfaluminum ses- 
5f quichlorkJe; di n-butylfllumlnum chloride; dilsobutylafuminum chloride; methyfalumlnum eesqiilchloride; isobiitylalumt- 
num sesqofehloride; dimeihylalumtnum chloride; di-n-propylfiluminum chloride; methylatuminum dichloride; and 
IsobuLylalumlnum dichloride. Dielhyialuminum chloride (DEAG) onddllsobutylaluminum chloride (DIBAC) are m06t pre- 
ferred. 

Tho (rlalkylaluminums can be a hydrocarbyf as follows; trllsobutylaluminum, trihexylalumlnum, dl-lsobiitylhexyatii- 
40 milium, tsobuty) dlhexyl-afumingm, trimaihylalumlnum, trtelhylalumlnum (T£AL), tripropylaluminum. Mlsopropylalumf- 
num, tri-n-bulylafuminum. trloctyfalumlnum, trldecylalumlnum, and Iridodecyfaluminurn (Including partially hydrolyzed 
derivatives of these aluminum compounds also known as aluminexanas). 

Preferred co caialyets that can be employed with rare earth melal compounds Include If felhylsluminum (TEAL), td- 
[fiobuiylnlumlnitm ( i IBA), trlhexylaluminum (THAL), meihylalumlnoxane (fVlAO), modified methylalumlnoxane (MMAO), 
#> Irfmelhylalumlnum (TMA), a disfkyl aluminum hydride or a mixture ot a dialkyi aluminum hydride and a tdalkyl aluml- 

When MAO or MMAO is employed as the co catalyst. It may be one of the following; (a) branched or cyclic otigo- 
mericpoly(hydrocarbylaluminumoxlrte)8 which contain repeating unite of the general formula -(AI(R'")0)-, where R"'is 
hydrogen, m alky! radlcaf containing from 1 to about 1 2 carbon atoms, or an aryl radical such as a substituted or unaub- 
w Hlltuted phenyl or naphthyl group; (b) Ionic salts of the general formula [A + J[BRYj. wliei e A v Is a caliontc Lewis or Bron- 
Gted acid capable ol abstracting an alky}, halogen, or hydrogen from IIib mBlal component ol the catalyst, B Is boron, 
and Ft* Is a substituted aromatic hydrocarbon, preferably a perfluorophenyl radical; and (o) boron alkyts of the general 
formula SR' a , where R* is ea defined abovo. 

Aluminoxanos are well known In the art and comprise oligomeric linear olkyl olumlnoxanes represented byfhe for- 
65 irtufa: 
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w and ollgomerlc cyclic alkyl aluminoxanes of Hie formula: 

-Al-O 



R- V 



wherein la Ho 40, preferably 10 to 20; &}$ 3 to 40, preferably 3 to 20; find FT is an alkyl group containing 1 to IS 
carbon atoms, preferably methyl or an aryl radical such as a substituted or uneutoliluMd phenyl or naphihyl radical. 
Modified mslhylalumlnoxano is formed by substituting 20-CO vA% ot the methyl groups wild a C>, (o C )s group, prefera- 
bly witli tsobulyl groups, using techniques known to tlwoe skilled In the art. 

Promoters mat can be used with rare earih metal compounds Include Lew's adds such as BCI 3 , A1CI 3 . Bthylaiumi- 
rwm dichlonde, elliylaluminum sequiohloride, dietlvyMumlnum chloride, and other alkyl radical derivatives of these 
compounds. Organohslide derivatives of the formula 



I 

R" 

S5 

in which X is CI or Br, R is H, alkyl, aryl, alkytaryl, ohloro or bronio alkyl, alkoxy or epoxy; R' lb alkyl. aryl H, CI or Br, R" 
is alkyl, aryl, chloro orbromo alkyl, chlaro or bromo aryl, vinyl, CI or Br; or R' + R" Jb oxygen, or saturated or unsaturated 
cydoatkyi. If RoR'bH, then R" Is only of aromatic nature. The alkyl radicals can lis either saturated or unsaturated, linear 
or branched, ant) contain from 1 to 18 carbon atoms. 

4o Typical exampl &s ol orgn noriafe derivatives which can b a used as catalytic components of the present Invention 
nro benzoyl, proplonyl, beiwyl, bonzylidena or ter'Uary butyl chlorides or bromides, methyl chloroformate or bromofor- 
mate, olilorocilphenylmeihane or chlorofriphenylmeihano, and the like. 

The catalyst can be prepared by mixing the support material, the metal component, cacalalysf. optional promoter 
In any order In an Inert solvent or dlltient. In general (he melal component can be Impregnated on a support by well 

4$ known means such as by dteeolvfug the metal compound In a solvent or diluent such as a hydrocarbon or ether (Includ- 
ing aliphatic, cycloaliphatic or aromatic compounds such as psnlane, Isopentano, hoxano, cydohexane, benzene, tol- 
uene, and teirahydrofuran) In the presence of the support malarial and then removing the 30lvant or diluent by 
evaporation such as urxter reduced pressure. Alternatively, the rare earlh metal component can be dissolved In a sol- 
vent or diluent euch as a hydrocarbon or tetrahydrofuran and spray dried to generate a well-shaped catalyst precursor 

so having little or no silica or other Inorganic solids content, if desired. 

A preferred method for making Hie catalyst of this invention Involves Impregnating a silica support, a carbon black 
support, or a mixed support of the two with a rare eaith metal containing compound. I he amount of metal Impregnated 
on the Giipporf can range betwoen 0.1 and 1.0 mole/g catalyst. An organic alkyl aluminum compound may bo added 
prior, during or subsequent to the impregnation step, either In a hydrocarbon or oxygenated solvent such as THF. The 

stf catalyst may bo isolated as a diy solid or used aea slurry in adilueiil- 'l he catalyst may also he prepared withoela sup- 
port by simple contact of Ihe metal with Ihe alkyl aluminum compound to form a solution or stuny which is fed directly 
to (ha reactor. The Al to melal ratio In the catalyst preparation step may vary between 0.5 to E.g. The polymerisation 
metal may be us«i without aluminum treatment when an organohalide promoter or aluminum alkyl balide is also fed to 
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the reactor wiih iha eocaialyst. When MAO is used as (he eeeatalyet no hairdo source is required. 

A preferred procedure for making iha rare earth catalysl of the Invention comprises Ids sequential steps of {A} treat- 
ing a silica support, carbon black support, or mixture of Iha two support materials with a mono- or dl j ethyl aluminum 
chloride or a mixture of (ha two chlorides In a hydrocarbon solvent thereby forming a slurry; (B) adding the rare earth 

s compound (e.g., a needymlum compound); and {Q removing the hydrocarbon solvent or diluent. Catalysts which are 
preferred [n the process of this invention are (I) a nsodymlum neodecanoate, neodymium ocloate. or neodyniium v&f* 
sotate as the metal component, and an organic alkyl aluminum compound such as tllelhyl aluminum chloride to form 
the catalyst In a diluent such as n-hexane or cyclohexana and (II) a neodymlusn carboxylale or ulcoholala auch as neo- 
dymium neodacsnoaia, neodymium octoale, or neodymium veraalate as the melat component Is Impregnated on silica 

to by dissolving the neodymium compound In THF, adding silica, followed by solvent removal, The dry solid Is added to a 
hydrocarbon (e.g. hexane) solution containing an alkylalumlnum chloride with subsequent removal of the hydrocarbon 
solvent, These catalysts are fed to iha reactor with a co-catalyst selected from the group consisting of diisobulyl alumi- 
num hydride (DlBAH), triisobulyfalumlnuiti, or a mixture of diisobulyl aluminum hydride and trusobulylaiumlnum (TIBA), 
These catalysts are preferred because they have little or no induction period and remain catalyticaliy acllve for a long 

16 period of lime. Tho catalysl I above can bo fed directly to ihe reactor. Still another catalyst can be prepared by forming 
a reaction mixture by (I) contacting a neodymium compound selected from tho group consisting of a neodymium car- 
boxylate, a neodymium alcoholafe and a neodymium aeeiylacetonato with a mono-ethyl aluminum dicliloride, a di-athyl 
aluminum chloride or a mixture of the mono- And dl-ethyl aluminum chloride (II) depositing the mixture on a silica sup- 
port In the presence of a solvent to form a slurry at*) (ill) removing aakl solvent; ami adding a co-catalyst selected from 

so the group consisting of (I) dlalkyl aluminum hydride, (if) a iriaJkyi aluminum, (III) a mixture of a dialkyt aluminum hydride 
and a trialkyi aluminum, (Iv) methylalumlnoxane, (v) modilied msfhylRlumlnoxaro, (vi) and mixtures thereof. 

Fluidizalion aids employed In the InvenBoi i ca; i be inert parttautaie materials which are chemically Inert to the reac- 
tion Examples of such lluldlzatlon aids include carbon black, silica, clays and other like materials such as talc. Organic 
polymeric materials can also be employed a$ a f Ionization aid. Carbon blacks and silicas are the preferred tluidizatlon 

ss aids with carbon black being the most preferred. The carbon black materials employed have a primary particle size of 
about 10 to 1 DO nanometers and an average size of aggregate (primary structure) of about 0.1 to about 10 microns. 
The specif ic surface area of the carbon black Is about 30 to 1 ,600 m?/gm and the carbon black displays a dlbutyJphtha- 
lato (OBP) absorption ol about 60 to about 350 cc/100 grams. 

Silicas which can be employed are amorphous and have a primary particle size ol about 6 to tSO nanometers and 

3fl an average Siza of aggregate of about 0. 1 to 1 0 microns. The average size of agglomerates of silica Is about 2 to about 
120 microns. Tho silicas employed have a specific surface area of about 50 to 600 m?/gm and a dlbutylphthalate (OBP) 
absorption of about 100 to 400 cc/tOO grams, 

Clays which can be employed according to the Invention have an average particle size ol about 0 01 to about 10 
microns end a specific surface area of about 3 (o 30 mffi/gm. They exhibit oil absorption of about £0 to about 10Q fjma 

35 psrIOOgms. 

Organlo polymeric substances which can be used include polymers and copolymers of ethylene, propylene, 
butane, and other alpha olefins and polystyrene, in granular or powder form. These organic polymeric materials have 
an average particle size ranging from about 0.01 to 1 CO microns, preferably 0.01 to 10 microns. 

In general, the amount of tluklizatign aid utilized generally depends on the type of molerlnl utilized and tho typo of 
40 polybutadiene or polyfsoprene produced- When utilizing carbon black or silica as the fluldlzailon afel, they can be 
employed In amounts of about 0.3% to about 80% by weight, preferably about 0% to about 60%, and most preferably 
about 10% to about 45%, based on the weight of lire final product {polybutadlene or polyeloprone) produced. When 
clays or laics are employed as the llukJIzfltlon aid, the amount can range from about 0.3% to about 80% based on the 
weight of the Uriel product, preferably about 12% to 75% by weight. Organic polymeric materials are used In amounts 
<is of about 0.1% to about 50% by weight, preferably about 0. 1% to about 10% based on the weight of the final polymer 
product produced. 

The t/uldlzallon aid can be introduced into the reaclor a( or near the top of the reactor, at the bottom of the reactor, 
or to the recycle line directed into the bottom of the reactor. Preferably, the fluidizatlon aid Is introduced at or near the 
top of Ihe reactor or above Ihe fluidtatd bed. It le prelerred to treat the fluldizallon akl prior to entry into the reader to 
bo remove traces of moisture and oxygen. This can be accomplished by purging the material with nitrogen gas and heating 
by conventional procedures. Tho fluldfeation aid can ho added separately or combined wiih ons or more butadiene 
monomers, or with a soluble unsupported catalyst- Preferably, ihe lluldlzalton aid fs added separately. 

A f luldlzed b ed reaction system which !a pariicularly culled to production of polymeric materials In accordance with 
the present Invention Is illustrated in ihe drawing. With reference thereto, the reactor 10 consists of a reaction zone 12 
ee and a' velocity reduction zons 14, 

In general, the height to rilameier ratio of the reaction zone can vary In llro range ol about 2.7:1 to about 4.6:1. The 
range, of course, can vary lo larger or smaller ratios and depends upon the desired production capacity. The cross-sec- 
tional area of Ihe velocity reduction zone 1 4 Is typically within (he range ot about K.u to about 2.0 multiplied by the cross- 
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sectional area ol the reaction zone 12. 

Tho reaclion zone 12 Includes a bed of growing polymer particles, formed polymer parUcles and a minor amount 
of catalyst particles fluldfzed by Ihe continuous flow of polymer Jsable and modifying gaseous components In the form 
of make-up feed and recycle fluid through Iho reaclion zone. To maintain a viable fluldfzed bet), the superficial gas 
£ velocity through Ihe bed must exceed the minimum flew required for fluidizalion. and preferably is at least 0.1 tUseo 
above minimum flow. Ordinarily, the superficial gas velocity does not exceed 5.0 ft /sec and usually no more than 2 5 
ft./seo Is sufficient 

It is essential ilial the bed always contain particles to prevent the formation of located "hot spots' uitd to entrap 
and distribute catalyst throughout lha reaction zone. On'siar t up, the reactor is usually charged with a bed of part Iculate 

10 polymer particles. Such particles maybe Identical In nature to the polymer to be formed or they may be different. When 
different, Itiey are withdrawn with the desired formed polymer particles as ihe f fret product Eventually, a fluldfzed bed 
ol desired polymer particles supplants the start-up bod. 

A partially or totally activated precursor composition and-or catalyst used in the fluldlzed bed Is preferably stored 
for service In a reservoir 16 under a blanket of a gas which Is inert to the stored material, such as nitrogen or argon. 

« Fluidizalion Is achieved by a high rale of fluki recycle to and through Ihe bed typically on Ihe order of about 50 to 
about 150 times lite rate of feed of makeup fluid. The fluidized bed has the general appearance of a dense maGc of 
Individually moving particles as created by Ihe percolation of gas throufjti the bed. The pressure drop ihroujjh the bed 
!e equal to or slightly greater than the weight of the bed divided by the cross-sectional area. It !s thus dependent on the 
geometry of the reactor, 

so Make-up fluid can be fed to the bad at point 18. The composition of the maka-up stream Is determined by a gas 
analyser 21. The gas analyzer-determines the conipoellion of the recycle stream and the composition of the make-up 
stream Is adjusted accordingly to mainfaln an essentially steady state gaseous composition within the reaction zone. 

The gas analyzer is a conventional gas analyzer which operates In a conventional manner to determine the recycle 
stream composition to facilitate maintaining the ralios of feed stream comjionents. Such equipment la commercially 

25 available from a wid$ variety of sources. The gas analyzer 2 1 1s typically positioned to receive gas from a sampling point 
located between the velocity reduction zone U and heal exchanger £4. 

The higher boiling or readily condensable monomers can be Introduced into the polymerization zone in various 
ways including direct Injection through a nozzle (not shown !n the drawing) Inlo the bed or by spraying onto the lop of 
Ihe. bed through a nozzle (not shown) positioned above the bed. which may aid In eliminating some carryover of fines 

39 by the cycle gas stream. If the rale of monomer feed fe relatively small, heavier monomers can bo introduced Info the 
polymerization zone simply by suspension In the cycle gas stream entering the bottom of the reHGlor. 

To ensure complete fluidfeatlon, the recyclB stream and, where desired, part of Die make-up stream are relumed 
Ihrough recycle lino 22 to the reactor at point £6 below the bed. There Is preferably a gas distributor plate 28 above the 
point of return to aid in f luidlzlng Ihe bed. In passing through ihe bed, iho recycle stream absorbs the beat of reaction 
as generated by If i e polymerization reaction. 

The portion of the f/uldlzlng stream which has not reacted In the bed is removed from ihe poiymerl zation zone, pref- 
erably by passing It Into velocity reduction zone 1 4 above the bed where entrained particles can drop back in[o the bed. 

The recycle stream te compressed In a compressor 30 and then passed through a heat exchange zone where heat 
Is removed before it is mlurnad to the bed. The heat exchange zone la fyploally a heat exchanger 24 which oan be of 

40 the horizontal or vertical type if desired, several heat exchangers can bs employed to lower the temperature of the 
cycle gas stream in slages. It Is also possible to locate the compressor downstream from the heat exchanger or at an 
Intermediate point between several heat exchangers. After cooling, Ihe recycle stream is returned to Ihe reactor at its 
base 26 and to the fluidized bed through gas distributor plate 2a. a gas dellector 32 can ba Installed at Ihe inlet 10 the 
reactor to prevent contained polymer partiotes from settling out, agglomerating Into a Eolkl mass, and to prevent liquid 

45 flccumutotton at Iho bottom ol the reactor, as well to facilitate easy transitions between processes which contain liquid 
in Ihe cycle gas stream and those which do not and vtee versa. Illustrative of gas deliectorc suitable for this purpose Is 
the apparatus described in U.S. Patent No. 4,033,149, 

The selected temperature of ihe bed Is maintained at an essentially constant temperature under steady slate con- 
ditions by constantly removing the heat of reaction. No noticeable temperature gradient eppeara to easl within the upper 
so portion ol iha bed. A temperature gradient can exist In the bottom of the bed in a layer of about 6 to 12 incites, between 
ihe temperature of the Inlet fluid and the temperature of the remainder of the bed. 

Good rjas distribution plays an important role la the operation of the reactor. The fluldfzed bed contains growing and 
formed particulate polymer particles, as well m catalyst particles. As the polymer parities are hot and possibly acllve, 
Ihoy must be prevented from settling, for If a quiescent mass Is allowed to exist, any active catalyst contained therein 
es may continue to react and causo fusion. Djlfusing recycle tfulri through the bed at a rale sufficient to maintain fluidisaticn 
throughout the bed te, therefore, important. 

Gas distribution plate 23 is a preferred means for achieving good gas distribution and may be a screen, slotted 
plate, perforated plate, a plate of the bubble-cap type and the like. The elements of the plate may all be stationary, or 
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the plale may be of the mobile type disclosed In U.S. Patent No. 3,298,792. Whatever 1(6 design, It musl diffuse the recy- 
cle llukl ihrough His panicles tit the base of Ihs bed to keep the bed in a Jluidized condition, and also nerve fo cuppori 
a quiescent bed of resin particles whan the reactor !s no! in operation. 

The preferred type of gas distributor plate 2fl is melal and has holes (distributed across its surface. The holes are 
s normally of a diameter of about 1/2 inch. The holes extend through ihs plale. Over each hole Ihere Is positioned a irl- 
angular angle iron Identified as 36 which is mounted on plate 23. The angle Irons serve to dlslribule (lie flow of fluid 
along (hg surface of tho plate so as to avoid stagnant rones of solids, in addition they prevent ths polymer from f i owing 
through ilia holes when (he bed is selUed. 

Any fluid Inert to iha calalyst and raacfenia can also ba present in ihe recycle slreain. An activator compound, If 
w utilized, Is preferably added lo the reaction system downstream from heat exchanger £4, In whfnh case the activator 
may be fed Into the recycle system fromtilspenGer 38 through Una 40, 

in the practice of litis Invention operating iemperatures can extend over a range of from about -10O°C to about 
1 SfJ°C with temperaluros ranging from about WC io about 1 20°C being preferred. 

The Fluid b ed reactor can bo operaled ai pressures Lip to about 10DO psl end preferably sl a pressure of from about 
is 100 pel lo about 600 psl. Operation ai higher pressures favors heat transfer ae an Increase In pressure Increases the 
unit volume heat capacity of the gas. 

The partially or tolnliy activated precursor composition (e.g., nerxiymlum wlUi an alky) halide) and/or calalycl {here- 
inafter collectively referred lo as calalyst) Is Injected Into the bed at a point 42 which is above distributor plate 2fl. Pref- 
erably, the catalyst is injected at a point in (ho bed where flood mixing wi|h polymer particles occurs. Injecting ihs 
w catalyst at a point above the distribuiion plate provides tor satisfactory operation of a fluidlzed bed polymerisation reac- 
tor. Injection dlrecily Into Ihe fluMlzed bed aids In distributing, (he catalyst uniformly throughout Ihe bed and tends to 
avoid Ihe formalion of localized spots of high calalysi concern ration which can cause "hot spols" to form. Injection of the 
catalyst Into the reactor abovs the bed can result In excessive catalyst carryover Into the recycle line where polymeri- 
zation can occur leadlny to plugging ot the line and heat exchanger. 
?-$ For a supported catalyst, it can be Injected into the reactor by various techniques. It is preferred, however, to con- 
tinuously toed the catalyst into the reactor utilizing a catalyst feeder asdisctosed, e.g., in U.S. Patent 1^0.3,779,712. For 
a catalyst in solution, liquid, or slurry form, il is typically inlmduced as disclosed in U.S. Patent No. 5,3 1 V,036 to Brady 
ef ai and U S. Serial Wo. 414,623, entitled "Process for Controlling Particle Growth during Production of Slicky Poly- 
mers," fifed March 31, 199s. Both references arm incorporated herein hy reference. The catalyst Is preferably fed into 
so the reactor at a point SO to 40 percent of the reactor diameter away from the reactor wall and at a height ol about 5 lo 
about 30 percent 0! Iho height of the- bed. 

A gas which Is Inert to Ihe catalyst, such as nltronen or argon, Is preferably used to carry the catalyst Into the bed. 
Tho rate of polymer production in the bed depends on the rato of catalyst injection and Ihe concentration of mono- 
mers) In tho reactor. The production rate Is conveniently controlled by slmpfy adjusting the rato of catalyst Injection. 
55 Since any change in the rate of catalyst injection will change the reaction rate and thus the rale at which heat is 
generated in the bed, lhe temperature of Ihe recycle stream entering, the reactor is adjusted upwards and downwards 
lo accommodate any change in (he rate of heat generation. This ensures the maintenance of an essentially constant 
temperature In ihe bed. Complete Instrumentation of both the fMdfeed bed and tho recycle stream coding system Is. 
of course, useful to detect any temperature change In the bed eo as to enable either the operator or a conventional auto- 
m matic control system fo make a suitable adjuslmenl In the temperature or the recycle slream, 

Under a given set of operating conditions, Ihe tlukllzed bed is maintained at essenllally a constant height by wllh- 
drawing a portion of Ihe bed as product at the rato of formation of tho particulate polymer product. Since the rate of hoat 
generation is directly related to the rate ot product formalion, a measurement of the temperature rise of Ihe fluid across 
the reactor (the difference between Inlet Ifuid temperature and exilf iuld temperature) Is Indicative of the rate of particular 
* polymer tomieilon at a constant liuld velocity If no or negligible vaporizable liquid Is presen t In the Inlet fluid. 

On discharge of particulate polymer product from reactor 10, it la desirablo and preferable toseparate fluid from the 
product and to return Die liuld fo ihe recycle line 22. There are numerous ways known lo the art 10 accomplish Into. Ona 
preferred system Is chown In the drawlnge, Thus, fluid ami product leave reactor 1 0 at point 44 and enter product dis- 
charge tank 46 ihrough valve 46, which may be a ball valve which is designed to have minimum restriction tc- How when 
t>o opened. Positioned abova and below product discharge lank 46 are conventional valves 50, 52 with ihs letter being 
adapted lo provide passage of product Into product surge lank 54. Product surge tank 54 has vonllng means Illustrated 
by line 56 and gas entry means Illustrated by line 50. Also positioned at Ihe base of product surge fank 54, Is a dis- 
charge valve 60 which when In Ihe open posillnn recharges product for conveying to storage. Valve SO when In the 
open position releases fluid to surge lank 62. Fluid (rom surge tank 63 Is directed through a filter aosoiber 64 and 
55 thence Ihrough a compressor tiS and into lecycle line 22 through lirre6B. 

In a typical mode ol operation, valve 4fi is open and valves 50, 52 ere in a closed position Product and fluid enter 
product discharge tank 46. Valve 48 closes and tho product Is allowed 10 settle In product discharge tank 46. Valve 50 
Is then opened permitting fluid to (low from product discharge to nk 46 to surge tank fi2 from which il Is continually com- 
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pressed backlnio recycle Hue 22, Valve; 60 is then closed and valve 52 Is opened and any pr oduct in product discharge 
lank 46 flows into product euros tank 54. Valve 62 is then closed, the product Is purged with Inert gas, preferably nitro- 
gen, which enters product surge far>k54 through line f>6 and is vanied through Una fi& Product is then discharged from 
product surge tank 54 through valve 60 and conveyed through lino £0 to storage. 

s The particular liming sequence of the valves is accomplished by the use of conventional programmable controllers 
which are well known In tho art. Moreover, the valves can he kept substantially free ol agglomerated particles by direct- 
ing a stream of gas periodically through the valves and back to Hie reactor. 

Another preferred product discharge system which may be alternatively employed Is ihal disclosed and claimed In 
the copending U.S. patent appllcaltonof Robert Q. Aronson filed July 28, 1981, Ser. No. 2G7,815and entitled 'Ffuldfeed 

w Bed Discharge System" (now U.S. Patent No. 4,62 1 ,952), 8ueh a aysfam employe at least one (parallel) pair of tanks 
comprising a settling lank and a transfer lank arranged In aeries and having the separated gas phass relumed from the 
top of the settling tank to a point In the reactor near the top of tile f lulled bed. Such alternative preferred product dis- 
charge system obviates (ha need for a recompression, lines 64, (jfj, 69, as shown In Ihe system ol the drawing. 
Tha iluidfeed-bed reactor Is equipped with an adequate venting system (not shown) to allow venting the bed during 

is start up and shut down. The reactor does not require the use ol stirring and/or watt scraping. The recycle line 9,i and 
the elements therein (compressor 30, treat exchanger 24) should be rsmoolh surfaced and dovgid pf unnecessary 
obstructors so as not to impede the flow ol recycle fluid or entrained particles, 

Illustrative of Ihe polymers which can be produced In accordance with Ihg invention ere lha following: 

so Polyisoprene 
Polystyrene 
Polybufadlene 

SB R (polymer, of buladlen e copolymerized with slyran a) 
AGS (polymer of acryloniiriie butadiene and slyrene) 
is Nitrile (polymer ol butadiene oopolymerized with acrylonilflle) 
Butyl (polymer of isobuiylane copolymcrlzed wllh Isoprene) 
EPR (polymer ol ethylene copalymerlzetl wllh propylene) 

FPDM [polymer of elhylane oopolymerlzed wllh propylene and a diene such as hexadlene, dloyctopentadiene, or 
athylidene norbomane) 
so Naoprene (poiychloroprene) 

Silicone (polydlmethyf elloxane) 

Copolymer of ethylene and viriyltrimelhoxy Bllono 

Copolymer of ethylene and one or more of awyoriltrlle, malelc acid esters, vinyl acetate, acrylic and methacrylic 
acid eslDTG and the like. 

35 

When it is desired to prodrrce polymers or copolymers using one or more monomers which are all relatively high 
boiling or readily condensable and which form liquids under the temperature and pressure conditions which are pre- 
ferred for gas phase flultllzed bed production in accordance with Ihe Invention, It Is preferable to employ an inerl sub- 
stance which will remain gaseous under the conditions selected for polymerization in ihe f luidized bed. Suitable for this 
<m purpose ore Inert gases such as nitrogen, argon, neon, krypton and lire like. Also useful are saturated hydrocarbons 
such ns ethane, propane, butane and the like, as well as halogen substituted aikanos such as freon. Other materials 
which rema! n gaseous under the desired conditions, such as caibon dioxide, provided they are assenl tally Inert and do 
not affect catalyst performance, can also be employed. 

Nitrogen, because of Its physical properties and relatively low cost Is a preferred medium for Ihe manufaclurg ol pol- 
4$ ymera from higher bolting or readily condensable monomers such as atyrene, vinyl acelic acid, acrylonitrile, melhylacr- 
ylate, melhylmathaerylflte and Ihe like. Alkanes sugh as ethane and propane which remain gaseous at relatively low 
temperatures are al60 preferred. 

Conventional techniques for the prevention of fouling of Ihe reactor and polymer agglomeration can be used In ihe 
practice of our Invention. Illustrative of these techniques are the introduction of finely divided particulate matter to pro- 
fit) vent agglomeration, as described In U.S. Paten! Nos. 4,994,684 and 5,200,477; Ihe addition oJ negative charge gener- 
ating chemicals to balance positive voltages or the addition of positive charge generating chemicals to neutralize 
negative voltage potenllalB as described In US. Patent No. 4,803,251. Antlstat substances may also be added, either 
continuously or Intermlttenlly to prevent or neutralize sialic charge generation. 

The granular polybuladieno and/or polylsoprene elastomers of Itite Invention can be compounded alone or in com- 
es binatiori with other elastomers, e.g., natural rubber, styrene-butadieno rubber, (halojbifly! rubber, ethylene-propylene- 
diene rubber; reinforcing fillers, e.g. carbon black, silica; processing aids; anlldegradante: and vulcanizing agents using 
equipment and methods well known to (Hose skilled in (he en. is is bell eved that In eucli compounds, (he milially granular 
form of the polybuladieno or rwlyieoprerie permits more intimate mixing with Ihe other efaetomerfc), lhan would be 
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achievable with conventional polybuladlene or polyigoprene In eolid bale form- It is generally desirable that elastomer 
blends be Intimately mixed in order to optimize the mechanical properties ol tho vulcanlzate. Furthermore, if Iho Inert 
particulate material ol this Invention, used lo maintain granularity during and alter the polymerization P roces3. also hap- 
pens to be a reinforcing filter for Dig compound (e.g., carbon black), tiian a further benefit may be realized In the form 

fi of a shorter mixing time required to disperse the llller In the compound. This Is because the liller, which normally would 
have to first bo dsagglomomted in the mixing process before it could bo dispersed, in this case enters tho mixing proc- 
ess Hlready substantially daaggjomernted and dispersed. 

Elaalomeric compounds prepared from granular poiybutadiene and polyleoprena or mixtures (hereof, are particu- 
larly useful as components of pneumatic tires. For example, as Is known to those skilled In the tire making arts, In tho 

n production of a radial automobile lire, specially formulated elastomerlc compounds can bs extruded Ihrough a die to 
produce strip stock for the tread, sldewall, and bead illler components of th« tire, or to produce sheet slock for the air 
retenlion innarilner. Other special ly tormulaled elastomerlc compounds can be calendered onto textil e or steel cord fab- 
ric to produce cord-reinforced sheet stockforthe carcass and circumferential bait component of tho lire. The "green" 
or unvulcanized tiro is built by assembl Ing Ifie various componente (except circumferential belt and tread) on i he surface 

is of a cylindrical drum, radially expanding and axialty compressing the assembly to produce a toroidal 3hftpe, then plac- 
ing the belt and tread components In position around Iha circumference of the toroid. Flna lly, the groon tire is vulcanized 
by Inflaling with high pressure steam against Ihe Inner surface of a closed, healed aluminum mold. In the early stage of 
the uuteanizailon process, when Ihe various elastomerlc compounds are sllll soft and Howfibia, the pressure of the tins 
against the Inner surface of the moW producer; Ilia final precise shape, tread pattern, sidawnll lettering and decorative 

so markings. Later In the vulcanization process, heal-activaied crosslink^) reactions ta ka place within the various elasto- 
merlc compounds so thai whan the moid is finally opened each compound has undergone crosslinking to a degree that 
Is essentially optimum for the Intended purpose. 

When used as a consuTuenf of tire compounds, granular polybuladiene of this Invention particularly imparts abra- 
sion resistance, fatigue cracking resistance, low heal generation, and low rolling resistance. Granular polyleoprene of 

ss this invention particularly imparls building lack and green strength, which facillfate the building and handling ol tho 
Green lire, and tear and cut resistance. The granular, free-flowing poiybutadiene and polyisoprsne produced, in the gao 
phase process of the present invemlon can also bo employed In other molded and extruded articles using techniques 
known la those skilled In the art 

The following examples are provided to Illustrate our invention. 

so 

To a gas-phase stirred bed reactorlhal was maintained at a constant lemperatureof 60 S C, 3.8 pounds of dried car- 
bon black powder were added to act as a fluldizallon aid. To this was added 0.055 IDs TIBA, i.e. trfeobutylaluminum. 

as Then was added 1 .86 lbs of 1 ,3-butadiens and sufficient nitrogen tg bring ihe total reactor pressure to 315 psla. A small 
feed of supported catalyst consisting of neodymlum neodecanoate on DEAC-treated silica, was begun. Simultaneously, 
a small feed of 10 wt% triisobutylalurrtnum cocatalyst solution In Isopenlane was begun. Feed was adjusted to give a 
7:t molar ratio of Al:Nd. During a 2.3 hour polymerization reaction, a total of 6.93 lbs of additional butadiene were ted 
111 order to replace butadiene that was polymerized or vented, A small vont stream leaving the reactor removed a total 

46 of 0.95 lbs butadiene during Ihe polymerization. At (ha end of the polymerization, Ihe catalyst and co catalyst feeds 
were stopped, 'the reactor was depressurized, and ihe reactor contents purged free of residual buladiena using nitro- 
gen, ThOpnlymerwns dlschaiged from the reactor. The product did not contain any lumps Ihat would Indicate agglom- 
eration had occurred. To the contrary, the prodtrct was a free-llowing, line, granular powder. The reactor was opened 
and cleaned to ensure that all product was recovered. The total weight of solid product Drat wae recovered was adjusted 

45 for the carbon black that had been Inlllally charged- The remainder (6.36 lbs) was the amount of butadiene polymer 
formed during tho batch and which was present in the reactor when It was shut down. Since a total of 879 lbs (> 6.93 
+ 1.66) of butadiene were charged to the reactor and a total of 0,30 lbs (■> 5.35 + 0.9B) ot butadiene have been 
accounted tor leaving Ihe reactor as polymer and In the continuous vent afream, liiere must have bean 3.49 lbs of buta- 
diene monomer present In the reactor when polymerization was terminated. This monom er would have been removed 

go from the reactor when it was depressurized and the contents purged. 

The reactor volume Is 61.7 liters Cor £.18 cubic teal). At 60'C Ihe vapor pressure of 1,3-butadiene is 1«a psfa. The 
mass of butadiene present In the reactor as a gas at saturation would thus be 1.88 lbs. Of ihetotal of 2.49 lbs of unpo- 
[ymerlzed butadiene that was shown to be present In the reader at shuldown, at most 1.80 lbs could havfl haen In the 
vapor phase and the rest (0.61 lbs) must have been present In a condensed phase, tor example, dissolved in tho poly- 

es mer. Thus tire reador was being operated at a temperature below ihe eoixtensation temperature of the monomer 
present. The 0.61 lbs of liquid monomercomblned with the s.as lbs of polymer amounts to 11.4 lbs of condensed buta- 
diene monomer per 100 lbs ol polybutadiens. Yet, Ihe presence of this liquid monomer In the yas-phase reactor did not 
cause agglomeration of the polymer. 
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Properties of ilie above product are as follows. 

Carbon Mack N-650 by analysis: 41%; 

Average particle size by sieve analysis: 0.026 inches; 

Weodymium in polymer; 480 ppm; 

Reduced viccoElty; 7.8 df/o; 

CfBl-4:97.e% 

Evamplea 2-7 were conducted as in Example I , but with the changes indicated In the tables. 

golutionjOfl ifll yat Preparatfon t 'or Eygroplaa . Into a dry nitrogen pureed flask was charged 13.38 grqms of a hoxane 
solution of neodymium neodecanoata (5.4wt% m In hexane). To this wes added 65 mL dry hexan a To this solution was 
Added 3.0 mL of 1.5 M Et 2 AIC! (i .Oeq AVNd). Tlie rnMuro was stirred, charged to a prossurkable melal cyllncfer and 
fed to 1he reactor as a solution. 

SupporlajC aialyst Pre paration for Exam pfa 3. To a 600 rnLdry nitrogen purged flask was added 78,16 grams of 
silica (god°C aelfvaffon) and 250 mLdry haxane. Slowly. 40 ml of 1.5M EtgAICf was added and the mixture was eilrred 
far m minutes of room temperature The solution was cooled and 1 1 7 grams of a hexane solution of neodymium ver- 
eatats (4.9 wt% Nd) was added slowly. The mixture was stirred for 30 minutes and then the solvent was removed under 
vacuum. 
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PRODUCT: 


POLYBUTADIENE 


POLYBUTADIENS 


POLYBUTADIENE 


POLYBUTAUlfcNfc 




CATALYST DETAILS 










te 


Catalyal 


Nsodymlurti nao- 
decanoale in Iwxana 


Naodymlumverea- 
lafeon DEAC-Veated 
ell lea 


Nowiyiniwn voisa- 
tatg on DBAC-lreatod 
silica 


Neodymlum neo- 
decflfioale on DEAC- 
treated silica. 




Cocatalysl 


10% TIBA in isopatv 
fane 


1u%TIBAInlsopen- 
tane 


1 : 3 DlBAH : TlBA In 
Isopsnlane 


10%OIBAHInlso- 
periiane 


w 


PROCESS CONDI- 
TIONS 












Reacilon lemp. ("Cj 




60 


60 






6UrS (j>f>!s) 










10 


Pdym produced 


















2 hf 15 inln 




us 


PRODUCT ANALY- 












% Carbon Black N- 
650 analysis 


42 


41 


41 


42 


so 


Avg.parlldoslzeby 
sieve analysis (inch) 


0-076 


0017 


0.018 


0.013 




Cocstfliysl/CatalyGt 
Feed rallo' 


21 


7 


g.s 


11 




Nd content in poly- 
met (ppm) 


132 


290 


179 


415 




Reduced Viscosily 
(dl/g) 


12.9 


10 3 


7.6 


4.9 


", 


Mooney viscosity 
[eel gum) ML (1 -f 4 








go 




% els 1,4 


S9.1 


97 


962 


97 
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EXAMPLE NO. 


6 


7 




s 


PRODUCT; 


POLYDUTADIENE 


POLYBUTADIEWE 


POLYISOPRENS 




CATALYST DETAILS 








n 


Catalyst 


Neodymlum neo- 
decarsoafeon PEAC- 
treated silica 


Naodymium rtso- 
decanoateon DEAC- 
treated silica 


Naodymium neodecanoate 
on DEAC-treated elllca 




Cocafslysl 


10%DJBAH Infeopentane 


10%DIBAH In laopenlane 


10%TlBAin!sop8nlflrl9 




PROCESS CONDITIONS 








is 


Reaction temperature {'C) 


6Q 


60 






Monomar partial pressure 
(pela) 










Polymer produced (ib) 


S 


4 






Reaction time 




1 hr 35 mln 






PRODUCT ANALYSIS 










% Carbon Black N-650 fay 
analysis 


36 






ns 


sieve snalyols (Inch) 










Cooafalyst/Calaiysi Feed 
ratio* 


28 


29 




M 


Neodymlum content fn the 
polymer (ppm) 
Reduced viscosliy(dl/o) 


160 
4.2 


200 

a.7 




as 


Moon ey viscosity ($3t. 
gum) 


62 


39 






ML(1+4@ 100 5 C}%gie- 
1.4 


95.5 


95,6 





" motor ralw of fll lo rnra earth inula! In canilnuous fcetJ3 



Example fl 

In an example of tho process ol (he- Irwenllon a fluldized bed reaction system as described above, Is operaled as 
<ts described below to produce polybutadlcne. The polymer is produced under the following reaction conditions: S0"G 
reactor temperature and 120 paia lolat reactor pressure. The partial pressure of the butadiene monomer inside Ihe 
reactor is 80 psia. The. partial pressure of nitrogen Ic S4 psia. Thu catalyst syefem employed In this Example is neodym- 
lum nsodacanoaie supported on DEAC-tr&aled silica with trii&obutylaluinlnum as co-catalyst. Catalyst and co-catalyst 
feeds are adjusted lo give a 60:1 molar ratio ol Al to Nd. At steady elate the monomer is fed into tha reacllon syslem at 
w Hie rate of 46,?. Wv Dried N-650 carbon black Is red to the reactor at the rate 0I20 Ib/h. Butadiene monomer leaves lha 
reactor at 1 3 LWh in van t streams. The preduclloii rate Is 30 IWh of polymer altar adjusting for the carbon Wade content. 
The product has a Mconey viscosity ML (1 + 4 @ 1 0O'C) ol 65. Other condiltons are shown for Example 9 in Iho labia, 
At Steady state a total of 46.S Mi butadiene IB being fed lo the reactor and a total of 43 IWh Is accounted for laavlnn 
lha reactor as gas In a vent stream or as polymer. The difference of 3.2 Ib/h must be unreaeted liquid butadiene memo- 
es mer in Ihe polymer leaving the reactor. Since the. polymer dlGcharged Is Identical with the polymer In the bed, the poly- 
mer In the bed must contain the same proportion of liquid monomer, i.e. lh$r$ must be 11.9 lbs of dissolved liquid 
monomer in the 1 12 lbs polymer bed. 

The reactor volume is 55 ft 3 . At tha partial pressure of 96 psia, there are 44.4 lbs of butadiene In lite reactor gas- 
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phase. The total impotymer««l butadiene in the reactor is thus SG.3 lbs H4.4 + 1 1.9). li all of this butadiene ware in 
Iho gas phase of this reactor at once it would have a partial pressure of 125 pala and its condensation temperature 
would be 69°C. Therefore the reactor at Wd is buinfj operated balow the condensation temperature of (he monomer 
present In the polymerization zone. Furthermore, the presence of this liquid monomer in the gas-phase reactor does 
is not cause agglomaraUon of the polymer. 

' Example to 

In another exanple of the process o< the invention tha polymerization Ib conducted as described in example 9 
io except that the catalyst is neodymium nerxieeenoata fed as s solution In hexane, The table gives further details on this 
example. 

16 In an example of the process of the Invanlion a f kiidized bed reaction system as described above, is operated as 
described below to produce polyiscprerie. Tha polymer is produced under the fol Inwfnfj react 'on conditions' 65°0 reac* 
tor temperature and 1 00 psla tolal reactor pressure. The partial pressure of the isoprene monomer insida tha reactor Is 
30 psfe, The partial pressure of nitrogen Ig 70 psla. Tlio catalyst system employed in this Example Is neodymlum ne»- 
decanoate eupjrarted on DEAG-treated silica with trlissobutylaluminuni as co-catalyst. Catalyst and co-catalyst feeds are 

a> adjusted to give a 60:1 molar ratio Of Al to W. At steady slats the monomer Is fed Into the reaction system at the rate 
of 35,4 lb/h , Dried N-65Q carbon black Is ted lo His reactor at the rate of 20 1 bib, Isoprene monomer leaves tha reactor 
at 2 (b/h in vent streams. The production rate is 3d |b/h of polymer after adjusting fof the carbon Mack content. The prod- 
uct has a Moeney viscosity Ml. (f + 4 @ 1Q0°C) of 55. Olher conditions nre shown for Example 1 1 in the table. 
At steady state a total of 35,4 lb/h isoprene Is being fed to the reactor and a total of 32 lb/h Is accoun ted for leaving 

ss the reactor as gas In a vent stream or as polymer. The difference of 3.4 lb/h must be unreacled liquid isoprene monomer 
in Uie [wlymer leaving the reactor. Since the polymer discharged is identical with the polymer In tha bed, the polymer In 
the bed must conlaln the s ame proportion of liquid monomer, i.e. there must ba 1 2,7 lbs of dlssol vetl I Iquld monomer in 
the 112 lbs polymer bed. 

The reactor volume Is 65 ft 3 . At the padinl pressure of 30 psie, Ihera are 17,2 lbs of Isoprene In the reactor gas- 
ac phase. The total uripolymerized isoprene in (he reactor is thus 29.9 lbs (=17.2 -f 12.7). If all of tills Icoprono were in the 
gas phase of this reactor s\ once it would have a partial pressure of 54.5 psla and Its condensation temperature would 
be 80"C. Therefore the reactor al 6S*G Is being operated below iho cond ensation temperature of the monomer present 
In the polymerization zone. Furthermore, tha presence of this liquid monomer in th e gas phase reactor does not cause 
agglomeration of ihe polymer. 

ss 

fSxamnlo 12 

In another example ol the process of the Invention Ihe polymerization Is conducted ao docciibcd In Example 1 1 
except that the catalyst Is neodymlum neodecanoata fed as a solution In hexana, The table gives further details on this 
40 example. 
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PRODUCT: 


POLYBUTAD1ENE 


POLYBUTADIENE 


POLYISOPRENE 


POLYI30PRENE 




REACTION CONDI- 
TIONS: 










w 


Temperalure ( S C) 


€0 


60 


65 


65 




Total Pressure (psla) 


130 


120 


100 


100 




Superficial Velocity 


1.75 


1.75 


1.75 


176 


Iff 


Production Rate 
(Ib/h) 

Tom I Reactor Vol- 

UI11B (fl S ) 


3D 

55 


30 
55 


30 

SS 


30 

55 


so 


Reaction 'lom Vol- 
ume (ft 3 ) 


7.5 


7.6 


7.5 


7.5 




Bed HeFalit (ft) 


7.0 


7.0 


7.0 


7,0 




Bed Dla meter (N) 


117 


1.17 


1.17 


1.17 


as 


Bed Weight (lbs) 


112 


112 


112 


112 




CYCLE GASCON!- 
POSITfON<MOtE 

%): 










so 


Butadiene 
Isopwe 


20 

ao 


20 
80 


70 
30 


70 
30 


36 


CATALYST: 


Nd Neodecanoate 
on DEAC-teated sil- 
ica 


Nil NecxJecRnoale in 
liexane 


Nd NeodBcanoate 
on DKAC-tfealed sil- 
ica 


Nd Neodecanoate In 
hex<tn« 




GO-CATALYST; 


TtM 


TIBA 


TJBA 


TIBA 


■to 


Mortom&r Feed Rale 
(lb/h) 












Butadiene 


46.2 


46.2 








feoprene ; 






35.4 


35.4 


« 


Monomer Von! Rate 
{Iblht) 


13 


13 


2 


2 




POLYMER GOMPO- 
SI f ION (wl%); 












Butadiene 


100 


100 






so 


serene j 






100 


100 



cieima 



ee 1 . A polymerisation catalyst camprlslnfl: 

(A) rare earth metal component selected from the group consisting of (1) a reacliori mixture oblairsaWe by Wal- 
ing a allien support, a carbon blackeupporl or a mixed eupnorl tliereo f with a mono- or di-elnyl afuminiuni chlo- 
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ride, adding a neodymlum carboxylale in the presence of a solvent to form a slurry, and removing the solvent 
or (£) a reaction mixture obtainable by dissolving a neodymlum carlaoxyiato In a first solvent, adding silica or 
carbon Mack, and removing the solvent to obtain a dry solid, contacting the dry solid with a solution containing 
a mono- or di-elhyl aluminium chloride in a second solvent, and removing the second solvent; and 
(B) a eo-cntalyet selected from the group consisting of a rJilGobutyi aluminium hydride, triisobulyl aluminium, 
and a mi xlw a thereof. 

2, A polymerlGalton catalyst as claimed In claim 1 wherein Ihe rare earth component (A) Ig obtainable by Hie sequen- 
tial steps of: 

(i) troaling a silica support, carbon black support, or mixed support thereof wilh. diolhyl aluminium chloride In a 
solvent to form a slurry; 

(II) addlno & neodymlulm carboxylale to ihe slurry; and 

(iii) removing the eoh/ent. 

3- A polymerisation catalyst as claimed In claim 1 wherein the rare earth component (A) is obtainable by the sequen- 
tial steps ol 

0) Impregnating a silica support or a carbon black support wilh a neodymlum carboxylale In a first solvent to 
form a slurry; 

(if) removing tlia first solvent from step fjj to obfafn a dry solid; 

(HI) contacting said dry solid with diethyl aluminium chloride In a second solvent to farm a slurry; and 

(iv) removing the second solvent from step (iil), wherein the lirst solvent of step (i) and the second solvent of 
step (iii) nray be the same or different, 

4, A polymerisation catalyst as claimed in any one of the preceding claims wherein ihe neodymlum carboxyloto Is 
neodymlum neodecanoate, neodymlum ocloata or neodymlum verealate. 

5, A polymerisation catalyst as claimed In any one of the preceding claims wherein the organic alky! aluminium com- 
pound Is diethyl aluminium chloride. 

6. A polymsrisation catalyst as claimed in claim 2 wherein the solvent is n-hsxarifi or c-yelohexane. 

7. A polymerisation catalyst as claimed in claim $ wherein the first solvent Is n-hexane or eyolohexane and (ha second 
solvent Is a hydrocarbon. 



17 



20 1 of w 4B mn mmnmm 



NO. 4637 P. 24 



EP 0 656 530 A2 




